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^^iT^Jr ™ Pr ° Vfd6d 14 " c nlorodauno> 
intermediate » pi^^uS in^lT "f" 3nd a,so as 

caJ way. 14-Chlorodaunomyci^ 

treatment with an aqueous acW suh!^ ! u°f mp0Und ^ the 
reaction and saponKon ™nJ ? . 2 uem na, °3en-exchange 
resulting aqueous rS ' n ,o?? UCted by a treatment ° f *e 
nomyan »^ amltaTch^ , "° n con,aini "9 14-bromodau- 

compound fro^e reaction Sa ' ,ing out *» la « er 

the 14^hk>ro5aunomS Tcto ,2 T by recoverin 9 
treating the latter unde " weekly afkl". "* ° Pti ° na " y 
14-ch.orodaunomycin in tts^ee tosefoS, (2"R1 t°. T 
dropyranyladnamycin may he prep^dTroS SJSSSSS 
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Description 
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14-Chlorodaunomycin and process for the preparation of 14-chlorodaunomycin, and process for the 
preparation of (2''R)-4'-0-tetrahydropyranyladriamycin 

This invention relates to a new compound, 14-chlorodaunomycin and acid addition salts thereof, which 
tnemselves have antitumor activity and are useful as antitumor agent and also useful as intermediate 
compounds for the production of semi-synthetic antibiotics of anthracycline type valuable as antitumor agent 
This invention also relates to an efficient process for the preparation of 14-chlorodaunomycin. This invention 

IS!- X ? 1 n6W and efficient prOC6SS for the P re P a ration of (2"R)-4'-0-tetrahydropyranyladriamycin, 
which is one of the antitumor agents of the semi-synthetic anthracycline derivative-type. 
14-Chlorodaunomycin according to this invention is the compound of formula (I) 
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which is practically effective in the therapeutic treatment of tumor-bearing patients. 

60 ..7^*1^ has antitumor activity is disclosed in Japanese patent publication 

No. 47194/81 and the U.S. patent No. 4,303,785. 

The known processes for the preparation of (2"R)-4'-0-tetrahydropyranyiadriamycin of formula (A) shown 
above, which employ daunomycin of formula (II) 
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as the 

starting compound, include the process as i„ i 

No. 156,300/81. U.S. patent No 4 3606^1^ I Ja P*nese patent application first publication "Kokai" 
process as disclosed Tjapanest n^S- ^ ^ P3tent a PP ,icatio " N°- 39.06O-A1, as well as *. 

No. 4,303.785 and **i£^S£^ N * ™**<«>. S Stent 

(2 RJ^'-O-tetrahydropyranvladriamvrin ^h*™™*^ 10b ^°° /81 or U.S. patent No. 4,360 664 

formula (A) is produced by brommTting da^^ abbreviated as (2"R H WHPAD M f5"the 

(II) in the presence of methyl o^rthSmat P ^ of the formula 

by-produced 14*^3^^ -suling reaction produced 
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with acetone and water, to produce 14-bromodaunomycin of 



formula (V) 
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TZSZE*?* 4 -0; tetr fy dr °Pyranylating the 14-bromodaunomycin of formula (V) by reaction with 
3 4^,hydro-2H-pyran then hydrolyzing the resulting 14-bromo-4'-0-tetrahydropyranyldaunomycin andThe 
o^Z^ X T^ T °^ ated b y-P roducts t0 P rod "<* the 4'-0-tetrahydr^^ a£d he 

bi o oKK b r pr ° d , UCtS ' T d flnal,y S6paratin9 the desired (2"«)^'"0-THPADM from the undesired 
tlST^J J* 3 ° 0lU T cartography to recover the (2"R)-4'-0-THPADM. While, according to the 
second-mentioned process of the Japanese patent application first publication 'Kokai- No 104 299/80 or U S 

SHI m ^'if ■ (2 ;' R >-j'-°- THPADM ^formula (A) is produced by converting 14^mS2mycin of" 
formula (V) into 14-acetoxydaunomycin of formula (B) 




CH 2 0^CH 3 



(B) 
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* O ZL£, ;°- tetra ^ d ;°Py ran y Iati ^ 14-acetoxydaunomycin, subsequently hydrolyzing the resulting 

todufl S and the otherwise O-tetrahydropyranylated by-products to 

K^SrJ? 55SS^ ^ ^ ° th6r hydr ° ,y2ed b Wducts,and finally separating 

me aesired (2 R)-4 -O-TH PAD M from the undesired by-products through a column chromatoaranhv far 

SnJSn'th/rH 03 " 0 " deSired < 2 " R M'-0-THPADM product, with the SoSai fSSSSSSS^ 
S^^SZSSZV'^ ^ chromat °9 ra P hic ^ °f the (2<'R)-4'-0-THPADM be£g 
conducted 1 1 the same manner as in the first-mentioned process of the Japanese patent application first 

Sf^^SSSS If; 3007 ? 1 ?L u f- P T1 No - 4 - 360 - 664 - ,ncidental1 * the *«EKS55SS 

Z£SZ ? ™ PA ™ of formula ( A ) descnbed in the present invention has been determined by an X-ray 
Tl^im^TZ* of .f'^'-O-THPADM [see Hamao Umezawa at a.., -Journal of Antibiotics" 
ht S * ! h ° d f ° r thS P re P ara,ion of (2"R)-4'-0-THPADM starting from adriamycin 

5£ No 1 SSSfST' meth ° d f S diSC ' 0Sed U S - Pa,6nt Na 4 ' 303 - 785 or ^ ^Panese Patent 
IT^^^'i^S^A T BSe Patent a PP ,icati0 " ** publication -Kokai" No. 116,591/87, U.S. 
T1.T • 925,774 or Eur °P ean Patent application publication No. 228.546-A2 

in the known processes for the preparation of (2"R)-4'-0-THPADM with employing DM as a starting 
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oXTh^^ - introduced to the position 

these known processes however ^toSSSSbtt^* ^ t - 0 - te,rah y d ropyran y lation step. With 
4'-O-tetrahydr 0P yranyl group Tas the SKI ^''^ ° f SUCh com P°"nd where the 
such 9.4'-di-0-teLhydropyran y ^ stereoisomer, and also the by-formation of 

only at the 4<-position ^YJso TLTZ^o^L S,t th ^ tet f ra t h h ^°Py^nylation has taken place not 
therefore be very low, as , ong ^^I^^SS ^ ^~ 4 '-°^ P ^ ™* 

methoScMh^ 

and the 9.4^i-0-tetr^ the (2"S)-4'-0-te.rahydropyranylated product 

product suitable for thei ■ re^^^^^^TfJ^^ converted ™° intermediate 
processes mentioned above X U b omodalnomv.in (2 R)-4'-0-THPADM. With the known two 
involved is unstable in its nature "anc I pr mSdue to th£ '? T**?? ,he interm ediate compound 
method which is suitable for the reco^ L^.l low * S " 0t f u P °? S ' ble t0 provide and esta °«sh such a 
desired (2<<R)-4'-0-THPADM ^ "* re ' USe ° f the b W°ucts for the synthesis of the 

: h ic; w c tow t r o,,,n9 and «9 SUC " - 

of the prior art processes mentioned above bv S £ 6 "T Pr ° blemS ° f the low efficien cy 

intermediate product of high *££ ?„ 5X £ des el (^kS^I^-^ Via a " 
react.on product of the 4'-0-tetrapyranvlation steo of th! Jr^»I O-THPADM can be obtained from the main 
•n the tetrahydropyranylation iSSSSS^^^^^ c ° ncurren "y the by-products as formed 
stability in a high yield, andin whtan the hX^i2l?? Tf 6 ba ? ' nt ° the inter ™dmte product of high 
re-used for the svnttesfe of thl h 9 ^ f 6 ,ntermedlate P rodu <* so recovered can be recycled and 
<2»R)-4<-0-TH^ w ^reby the production of the" Sd 

starting compound. h ' 9h ° Vera " y,eld even daunomycin (DM) is employed as the 

wn'^u^^ of <2"R)-4<-0-THPAD M of formula (A, in 

14-bromodaunomyc n o formula VI L ^ , the starting compound, and which are effected via the 
Japanese patent action ^|2^-SK?^,fW 'iT* * the ^ 
undesired by-products in the tetrahvdroovr a n»S e* 5 °; 3 °°' 81 .)' th ere are formed great amounts of the 
only in a low yield with intended «"al compound can be obtained 

unstable that even when it has been slredTi^ so2 J«t!^ .n^ f Com P 0Und - 14-bromodaunomycin is so 
can remain on V in such an amount wn cMs as mtle a £££ *h , f 30 ^ 1 Week ' 14 -bromodaunomycin 

SrmX' n o inC,Ude 1 lT dod --Vcin. in 

are used as intermediate products which ^m^^^ 
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above-mentioned JapTnesI ^SS^uKon 0 ^ K5E. 1 * br ° M ° n 0f dau "^n see'the 
mycin derivative which has bee known SEiS", ,5 ? 7/72 ° r , U S - patent Na W24). A 14-iododauno- 
formula (D) kn ° Wn h 'thertobefore is specfically 14-iodo-N-trifluoroacetyldaunomycin of 
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SS S 5?!!^"«JS!^^ **— of daunomyoin with 

other 14-halogenated derhStf d^unoSn ETSS P w P ub,cat,on N °- 46.597/72, for instance). The 
oniy for the purpose ^S^^S^^^^^T^ * daunom y cin was synthetized 
"Kohen-Yo-shi-shu» for the X fouS iZuTLZTl^ ^^J^** by Terajima et 31 < see the 
40). As far as the present invSreare S^TlT^S? ° f *1 Japan Chem, ' ca ' Societ y" Vo1 - 3- L 
any literatures. ,nve ™>'s are aware of. 14-chlorodaunomyc.n is neither disclosed nor reported yet in 

ofTR^^ZS^^^^T^ ™ impf0Ved " ew P^-sforthe P-paration 

the ^LmtS^S^SSS^ ^tZ&sr" inven ' ors have paid to 

the 14-iododaunomycin or 14iv5»2SiS^J^^ ^ 9 T P ° T the br0mo ^ P resent in 
which is not so unreactive as much as rftTftSS «r Piously used as the intermediate compounds and 
had an attempt to |J3£5£ T^o^ZZ^n the 14 ^ u ° r <*a«nomycin. so that we have 

« inventors have now succeeded STSi^r compound. As a result of investigations, the 
35 efficient process for the SSSS^^t^^^"^ a " d have a,so succ ^ded in exploiting an 
reaction steps coSSJSS^ has now been found tha * «hen a series of 

produce a l^ronTSS^ T in the P resen <* of an alkyl orthoformate to 

compound with m Z^Sl^^STm^Zi^' "S"" subse ^ ent hydrolysis of the latter 
40 14 ^°™daunomycinoifo™u^^^ * 9 ' Ve a " aqUeous solution ° f 

40 preferably, an alkali metal or Jkaline eaS SffSSTk ' T "2 * 'f 9 * a " 1 ° Unt ° f a metal haIide ' 
14-bromodanomycin of formula (V) a haloaeVin^lo 's then added to said aqueous solution of 
of 14-bromodaunomycin 0™ mula fV TJnd Z SSTS w'T takeS place between 1,16 14 - bro ™ 9™P 
be produced efficE wtth S salSna^ ^ ^ ^V"* thus 14-chlorodaunomycin of formula (I) can 
45 production and isolation Titchl^^l^ ^ I^Tm- 2'°" taki "9 place efficiently so thai the 
45 mycin is extremely more stable tha^ iZhmrZ ted " 3 facile wa * and also * at 14<hlorodauno- 

an intermediate &T£S£SS '"T^* 14 ^'°^ a "n°mycin is useful as 

recovery, recycle and re-lse of l^odaunomyl W " nd * *** en ° U9h t0 P ermit ,he 

50 produce 14- chlorodaunomycfn ^tSTS^ST^ 14 - bromodau "°^in and a metal chloride to 
14-chlorodaunomycin canTe isoSed mSJS^S ^ concurrently the reaction product, namely 
described in the above. effic.ently from the reaction solution through its salting-out, as 

55 by A foS?„ t0 3 firSt aSP6Ct ° f this before, there is provided 14-chlorodaunomycin represented 
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or an acid addition salt thereof 

Phl!£a£^^ a sa.t of 14-chiorodaunorr.ycin with a 

acid and hydrobromic acid, or ^SSS^XSSS^ ' ^ ™* "'trie 

l£Z£2J^7E,Xr$ ° f tWS inVen,IOn ' th6re iS >™ ided a the preparation of 
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or an acid addition salt thereof, which comprises reacting daunomycin of formula 
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° r ^ n (ORt add ;S n S3,t th6re0f W ' th 30 *»• °™°™t e of formula (.,„ 
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«, m!^ ° nde t0 the resu,,in S reaction mature cZS I'f" add,ng ™ excess amou nt of a solid 

50 myc.n so produced and represented by formula fj) the ac ^-addition salt of 14-bromodauno 
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(V) 



HO 



of formula (V) undergoes the hal<Zn JtJZJ. T 1 the 14 - bromo Sroup of 14-bromodaunomycin 
salt of I^SSESj^^ th °™™ Chl ° n ' de t0 pr ° duce the 

14-chlorodaunomyoin onorZ\Tnl^JL^ c °? curre "fy lowing the acid-addition salt of the 
salting-out of 7e 14-cnZdaunomvdn ISPSE fr ° m r6SU,tin9 aqueous reaction so '"tion by thl 
14«h.o ro daunonV fcln fSTSTSZE XiS^SJ^ ? r^"'" 9 the Edition satt of 
14-ehlorodaunomUaclc^^ When deSired - treatin9 the ^covered 

to afford l^iZaamot^^Xe ^^r com P° und u " d <* weak.y alka.ine conditions 

beuS SSnlltr:-?^ daUn ° mydn °' fo ™ la 0 » -V 
daunomycin is reacted wtth excess^ SI I'f^JP ^^ the hydrochloride) thereof, and the starting 
agent such as bromine ^SS^^Sh? J .2 rthotorm «» <* formula (III) and a brominating 
meth yl ammonium ™ £oE' A^^^T^^fT^ 0 ^ ^rotribromide, and phenyl 
the above process ma be ^entioned^ Swerve r t a .l ^"7' orthoformate of formula (III) employed in 
ethyl orthoformate. In this 

14-bromo-13-dialkylketaldaunom; c in of formula IM Z^t^T V ° f ° M ^ P ' aCe to 9ive the 
may range from 0°C to 30»C while the Slferih il™ > des,rab,e reactl °" temperature of these reactions 

14-bromo-14-dialky1ketald a unomvcir of tSSSLlS^l "i?** range from 30 minutes to 4 hours - ™ a 
treated with an aqueous ^ reac «<™ is then hydrolytically 

conduct this hydrolysis reaction a^aTeac ^ 30 mert ° r9anic soWent » is desirable to 

of the inert organic w^^^S^Tm^^ r" 5 ^ 0 .^ ' 48 hours - As illustrative examples 
ketones such Is acetone and ether ^s^ch a ', tX^f "'^t'oned alcohols such as methanol and ethanol. 
examples of the acid whS is useS Ztte^r^ * di ° Xane and dimethoxyethane. Illustrative 

acid, hydrobromic acS ™X£ri ^SuZStSSST^ ' nClud ° stron 9 mineral acid s such as hydrochloric 
sulfonic acids, e g TOttWMuSte^Si?^^ • We " 38 Stron9 or9anic acids "«* as 

reaction mixtur confine ^^^l^IJT??^ ^ Fr ° m 1,16 resuWn9 "^-containing 
organicsolvent phase. an??o the rSianflou^ 14-bromodaunomycin so produced is removed the 
of a metal chloride m a sol d 4™ ^ ? a °" ° f 14 -bromodaunomycin is added a large amount 

water-containing "eac^^ ^^an^Sw^ll^^ Ch '° ride ' S diSS0,Vad in the 

produced 14-chlorodaunomyc n whS ^ « hZ <™V< h l?'** reaCted with 1 4-bromodaunomycin to 
large amount of the met7Kaf* '^^^^^"^^^^^P^^ of the 
hydrochloride precipitates. •SS%S^S^Z^^T > s ° ,u j ,on ' where by 14-chlorodaunomycin 
daunomycin hydrochloride a powde? a? exemX m^ 14 - ch,oro 
halogen-exchange reaction may bei mentionJ I n^°L u fhlondes wh.ch are useful in the above 
and potassium but also Z Xde oTSfe earth til Ch, °" des ° f a,kali meta,s ««h as lithium, sodium 
metal chloride added to the aqueous rl^TlfT ! SU ° h 35 banum - The excess amount <* the solid 
produced maybe sue amoS th T^SSSSST"^ tha14 - brom °daunomycin acid addition salt 
added solid metal chloride intn at a part of the metal chloride 33 dissolved from the 

14-bromodaunomycin present kfthSJKST " to SUffi ° ient t0 convert a « the 

chloride are sufficient to cause the Hi It^ ^ T a " d the remainif1 9 parts of the dissolved metal 
the reaction so.ution oy £ ^zZgS ^ ™*™™^ add - admion salt to b e precipitated from 

oH4^oro^ 

daunomycinofthefoUa^S^^^^ 
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example. i SO propy, ether) in ^pZ J J conc entrate the reaction m™ An oZ " r6SU,tin9 reaction 
concentrated reaction mix u« 7 d-ssolving the reaction orodurt m i Ano ner or 9 a n<c solvent (for 

t^''^^^ C °"« * <*^V2L,V " ^ t0 ,he 

PWduced is then washed with a viter^f ^f" 9 reacti °n solution conSo i! h miXture t0 

Aocorang ,„ the „ 0e , ss a o| o °r»f l » ■ Palate. "™ " <^»'°rMaunomy<» M 

leukemia P-asa ™a. "^NoKXtanomycin aaainat X£ . 38 " *>«*mor agent 9 

The tumor cells were inc.,h ato w * • • • ™a.um), under a.r containing 50/0 co 2 at 

hours. The lc so value » Zn^£ ^t** containi n9 graded Sncentra lon fof ^ With human '""9 cancer 
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Table 1 

Antitumor activities (ic 50 values, ng/ml) of 14- 
chlorodaunomycin against experimental tumors 







IC 50 value 


(ng/nU) 








Tumors 


Test Compounds 


P-388 


P-388 
resis- 
tant to 
adriamycin 


B16 


PC14 


L-1210 


14- 

chlorodaunomycin 


96.3 


552 


93.0 


960 


268 


Daunomycin 
(comparative) 


16.3 


668 


44.9 


237 


65.5 


Adriamycin 
(comparative) 


33.0 


2060 


101 


765 


154 



l^hlorod^omycin I*h iSSSSShS^S^^ ^ ,he reaCti ° n Stage of reactln 9 
catalyst to tetrahydropyranvlSe he 14 SKZT ^ « *" ° r9an ' C S °' Vent in the P resence of 80 
of formula (A) Sn^m^^l^^^^ iS eff6Cted for ^ s y nth «is of (2"R)-4'-0-THPADM 
special cVe to exeSse^ to mSn i^SST'T ° f 1 ^ hloro ^nomyc.n i'tself, even if no 

for the tetrahydropyrSwta«on o K£t^*° n V ^ 30 extrernelv anhydrous state. The reaction stage 
requires neithel ca^^ 1 ence n ° w bee " fou « d *» I— ™ advantage that it 

upon its commercia, ~*£tt2tt&ES SS& " ^ 
-Ssl^ 14-ch.orodaunomycin to decomposition in the 

formula (A,, the intended finS 

(^SSX'S^ iS ^ - Vided * * the preparation of 
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ss which comprises reacting 14-chiorodaunomycin of formula 
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(I) 



Jfycfropyr^ in the presence of an acid cataiyst to 

^tetrahydrapyn^^ separating the resuttant A-T^hloro 
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(VI) 
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formula (VI) into a 14-hydroxyl group to form L o EZSL? ^ l ° r ° 9 rou P of the compound of 25 

In a fouth aspect of this inventton theJete nrJLSI ^-^^^"^riamycin of formula (A), 
pyranyladriamycin of formula (A) P * Pr0CeSS f ° r the ? re P ara «°n of (2"R)-4'-0-tetrahydro- 
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r *■ >~ of an acid catalyst to 




H 3 C0 O 6h g 



(VI) 




50 



from the (2"S)-14~chloro ^'-O-tetrahydropyranyld; 



launomycin by-produced of formula (VII) 
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?thrS*;.^,";i nS "° "* ™" °* * ls < mm >°" — ***** be described 

hour to 7? hnt.rc Tho w Tr * 9 . c » and the des,r able reaction time may range from 1 

by^rodu<*d fl"S. ^ °* formula (VI), the 

formula (IX) lkal,ne earth metal sa,t of 30 or 9 anlc carboxylic acid represented by 
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(IX) 



S Z Son ESftSS'ZSX • *~ -* (for examp.e, 




formula (X) under alkaline conditions to SS^SSS^: hydrolyzmg the ester compound of 

When (2''R)^4K:hloro-4'-0-tetrah V dro D vr«n»rH a , ,„ J J? hydropyranyladrlamycin of formula (A), 

alkali metal salt of an organic ^^SSlKKcil ^ ^V* eSterified * reacti °" an 
4'^-tetrahydropyrany.adriamvcTn o° fa£3?pS SiSY* 1^' Um f0rmate ' ' 2 " R M4-0-acyl- 
esterification reaction may be mentionTrt Himith exemplary solvents which is useful for this 

•etrahydrofuran and «™Z£e?^X^ ethers su <* « 

temperature may desirably be O-HTC *2 til nl! ' m * SUCh 35 acetone . ^d the like. The reaction 
Then hydrolysis of the ester compSnd of forml ^ V'f l 10 " time may ran9e from 1 nour *> 48 hou™ 
an ether such as tetrahydrofu^^ f 10 " ^j" an in ** solvent, for example, 

or a mixed solvent thereof in the preSS ofaTao™ /T" 6 ', d,m f th y' fo "namide. dimethylsulfoxide 
(2«R)-4<-o-THPADM of formula (A^ah be prepaSd " ° f S ° diUm bicarbonate added, whereby 

step for the 

compound of formula (VI) into the desire ^ C L'° n St6p for 1,16 conversion of the 
the corresponding reac/ion step of the ^^^^ t ^l^, Pr3CtiSed in the Same man " e ' as in 

The compounds of formulae (VII) and Ml? Jh^h h!? L 9 V th ' fd aSpect of tnis 'mention, 
present process and separated cZmaZShSv ZoZh™ the first reac «on step of the 

14-ch.orodaunomycin hydrochloride bTdfeSSeZ 1^°^ " m Can be converted ™° 

strong acid in the inorganic solvent andTe id ^ ^ " a " mert or P an,c so,vent and Mrolyzing them with a 
re-used in the subsequent run oMn'e syn ^^SSty^^TT^ °" be reCyCted and 
organic solvent employed in the above hT^ t I 4 • HPADM ' ll,ustrat,v e examples of the inert 

dioxane. ketones such'as aUton dimeKul^oxSelnd 7&Tt SUCh 33 and 

"zzszzsr*' su,,onic a «< ^ As the strong acid - 3 " 

gSr» o^^rs io th r frot n d (2 " R >- o r ah ^^^ - 

~ W No . -W;^^™ 
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first publication "Kokai" No. 156,300/81). 

The (2"R)-4'-0-tetrahydropyranyIadriamycin of formula (A) has not been obtained in any pure and crystalline 
product form according to the above-mentioned two known prior art processes, but the processes of the third 
and fourth aspects of this invention can make it possible that good purification of the (2"R)-4'-0-tetrahydropy- 
5 ranyladriamycin to give it as a pure crystalline product is achieved when the acidic water-extraction method 
with making use of a formic acid-sodium formate buffer solution is effected upon recovery and purification of 
the (2"R)-4-0-tetrahydropyranyladriamycin of formula (A). The present invention has therefore provided an 
improved process for preparing (2"R)-4'-0-tetrahydropyranyladriamycin of a high purity and in a high yield. 

This invention is now illustrated with reference to the following Examples, to which this invention is not 
10 limited. 

Example 1 

Preparation of 14-chlorodaunomycin and its hydrochloride from daunomycin 
15 Daunomycin hydrochloride (4.94g)was dissolved in 50mi of methanol and 50mi of dioxane, and mixed with 
4.4mi of methyl orthoformate and 0.60mi of bromine. The reaction solution was stirred at 10 - 15° C for 1 hour 
and then treated with 1.55mi of propylene oxide. After 30 minutes at 4°C, the reaction mixture was 
concentrated to its one-fourth volume. The concentrate was poured into 530 mi of isopropyl ether and the red 
precipitate formed was collected by centrif ugation, followed by washing with 70 mi of isopropyl ether. 
20 185 mi of acetone and 180 mi of 0.25M hydrobromic acid were added to the precipitate, and the mixture 
was stirred for 2 days at room temperature. The reaction mixture was washed with 210 mi-portions of 
isopropyl ether three times under shaking, and the aqueous layer was separated. To the aqueous solution 
containing 14-bromodaunomycin hydrobromide was added solid sodium chloride (65g) in small portions, and 
the precipitate formed was collected by centrrfugation. The precipitate was twice washed with 200/o aqueous 
25 solution of sodium chloride, collected by filtration and dried to give 5.0g of red powder of crude 
14-chlorodaunomycin hydrochloride. 

The crude product of 14-chlorodaunomycin hydrochloride was dissolved in 235 m£ of a 7<>/o aqueous 
solution of sodium hydrogen carbonate, and the resultant 14-chlorodaunomycin (in the free base form) was 
extracted with 450 mi of methylene chloride, with 200 mi-portions of methylene chloride for three times, and 
30 further with 210 mi-portions of a mixed solvent of methylene chloride and methanol (6:1). The extracts were 
combined, dried over anhydrous sodium sulfate, and concentrated to 35 mi under reduced pressure. The 
concentrate was added dropwise to 180 mi of isopropyl ether, and the deposited 14-chlorodaunomycin (free 
base) was collected by filtration. Yield: 3.65 g. 
Melting point: 174-176°C (decomposed). 
35 Mass spectrum (FD): m/e 562(M + 1) + . 

In 50 m£ of a mixed solvent of methylene chloride and methanol (3:1) was dissolved 3.6 g of 
14-chlorodaunomycin (free base) obtained above. Under ice-cooling the resultant solution, 6.4 mi of a 
solution of 1M-hydrogen chloride in methylene chloride was added gradually. The solution was added 
dropwise to isopropyl ether (280 mi) and the precipitate formed was collected and washed with isopropyl 
40 ether, thereby obtaining 3.83 g of 14-chlorodaunomycin hydrochloride. Yield: 73<>/o. 
Melting point: 166 - 167° C. 

NMR (D 2 0.ppm) 5: 1.35 (5'-methy1), 2.60-Z96 (10-methylene), 3.79 (3'-methine) f 3.90 (4-o-methyl), 4.28 
(5'-methine), 5.49 (1'-methine), 7.33 (2- and 3-methine), 7.60 (1-methine). 

45 Example 2 

(a) Tetrahydropyranylation reaction of 14-chlorodaunomycin: 

14-Chlorodaunomycin hydrochloride (3.83 g) was dissolved in dry DMF (90 mi) and mixed with 18 mi of 
3,4-dihydro-2H-pyran and pyridinium d-camphor-sulfonate (2.1 g) as catalyst. The mixture was stirred at 10° C. 
50 Each 4 mi-portions of 3,4-dihydro-2H-pyran and pyridinium d-camphorsulfonate (0.4 g) were added to the 
mixture at twenty hours and 29 hours later, respectively. After 44 hours, the reaction mixture was diluted with 
180 mi of chloroform and washed with each 180 mi of 1o/o solution of sodium hydrogen carbonate twice. 

The chloroform solution was further washed twice with 1 80 mi-portions of a 1 o/o aqueous solution of sodium 
hydrogen carbonate, twice with 180 mi-portions of a 0.1 o/o aqueous solution of sodium hydrogen carbonate 
55 and with water (100 m£), and was then dried over anhydrous sodium sulfate. The dried chloroform solution was 
chromatographed on a column of silica gel (250 g), using a mixed solvent of chloroform and methanol (70:1) as 
eluent. The eluate containing (2 // R)-14-chloro-4 , -0-tetrahydropyranyldaunomycin was concentrated to yield 
958 mg of (2"R)-14-chloro-4 / -0-tetrahydropyranyldaunomycin as red powder. 

In addition, such fractions of the eluate containing (2"S)-14-chloro-4'-0-tetrahydropyranyIdaunomycin and 
60 14-chloro-9,4'-di-0-tetrahydropyranyldaunomycin were combined and concentrated to dryness, so that 3.23 g 
of a mixture of these by-products was recovered. 

(b) Production of (2 // R)-4 f -Q-tetrahydropyranyladriamycin 

The (2"R)-14-chIoro-4'-0-tetrahydropyranyladriamycin (200 mg) obtained in the procedure (a) of Example 2 
65 was dissolved in dimethyl sulfoxide (6 mi) and mixed with lithium formate monohydrate (204 mg). The reaction 
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mixture was stirred at room temperature for s h^,.r T u 

washed with 35 m£ of water. iXXSKl ^ ^.enl^H ^ ^ W " h ^ acetate < 35 "0 and 
and concentrated to an oil under Seed n^^ 

The oil containing (2"R)-14-f 0 rmvi i* o ^ ' 

mfl, and treated with 2.4 m* of 0.1 M^iS^ l 2^^ amyc ' n WaS diSS0 ' Ved in «etrahydrofuran (6 
. temperature for 3.5 hours to cond^ ^? 0 S^^^ n ^ bonate - The mixture wa * stirred at room 
reaction mixture, and the solution was wSSd tf t Methylene chloride (50 m£) was added to the 
chloride solution was extracted™^ TJZ Wa,er " The 

An aqueous sodium hydroxide «sni,rti«r.T«! ! P ' 30 m ^ ln four P or t'ons. 
and the product was ^^SSS^^^^ ? H ° f the combi " ed buffer extracts to 7.5 
ex ract, was dried over anhydrous soK suifaS and coSlllZ I^T*' Th * methylene ch,orida 
(2"R)-4'-0-tetrah y dropyran y iadriamycin a7a crude nroH.^t ^ ^ t0 dryn6SS to 9 ive 122 «"fl of 
methylene chloride, followed by recrystSzatio J™™! ™* P roduct was crystallized from 
THPADM as a pure product. recrystaJll2at,on ,ror " methylene chloride to afford 93 mg of (2"R)-4<-a- 

Metting point: 184 - 186° C (decomposed). 

[a]?: +210° ( c 0.2. chloroform) 

IR(in KBr):v (cm-1) 

^H-NM^jcDCl") 8 hydrOXyl, • 1720 (-bony,,, 1620 and 1580 (quinone, 

<^™S 3.00 (3'-methine), 3.00-3 31 

tetrahydropyrany.,,4^ 4.71 (2«-methine. Lmenctf 

(3-methine). 7.79 (2-methine), 8.04 (1^eWne) - me thme), anomeric of daunosamine). 7.40 

bJS? 7™y ?K5ss5sr±* , hy ?? c r r,de which was * 

14-chlorodaunomycin hydrochloride consumed Ca,CU,aled as counting to 280/o as based on the 25 
Example 3 

Recovery of 14-chlorodaunomvcin hydrochloride 
^mfcl^ 

room temperature for 30 hours to regenerate 14 'hfol^ ^ ^ reSUltant solution wa * stirred at 

m^-portions of isopropyl ether for three Zel^ST™^ ^ r6aCti ° n mixtUre was washed wi * 45 
was added to the aqueous solution o ^SSiS^^^^ 8 ?P arated - S ° dium chloride < 14 9) 
20% solution of sodium chloride to gill cmde orTdZ ^ W itate fonned was washed ' • 

described in the Example 1 above to affords So SfSSiSS 38 in accordailce wfth the method 

Melting point: 165-166°C ve ' roairora2 - 34 9° f ^^'orodaunomycn hydrochloride as a powder. 

uf S MMR PeCtr T (FD)(3S free base > : m/e (M+1)+. 



1 ^*^5£^ WaS ide "« cal to ^at of the 

the starting 14-chlorodaunomycin S^SfS 1 above J T1lerefore - 2 -34 g-portion of 

recovered from the by-producL of the SSSSS-SSASlS Se~ d ft W ' 
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adding an excess amount of a solid metal chloride thereto to dissolve the solid metal chloride into said 
aqueous reaction mixture and to react the dissolved metal chloride with the 14-bromodaunomycin 
acid-addition salt so that the 14-bromo group of 14-bromodaunomycin of formula (V) undergoes a 
halogen-exchange reaction with the metal chloride to produce an acid-addition salt of 14-chlorodauno- 
mycin of formula (I) and concurrently allowing the acid-addition salt of the 14-chlorodaunomycin of 
formula (I) to be precipitated from the resulting aqueous reaction solution by the salting-out of the 
14-chlorodaunomycin acid-addition salt, and recovering the acid-addition salt of 14-chlorodaunomycin 
from the aqueous reaction solution, and when desired, treating the recovered 14-chlorodaunomycin 
acid-addition salt with an aqueous alkaline compound under weakly alkaline conditions to afford 
14-chlorodaunomycin in its free base form. 

3. The process as claimed in Claim 2, wherein the metal chloride used is an alkali metal chloride and 
preferably is sodium chloride or potassium chloride. 

4. The process as claimed in Claim 2, wherein the excess amount of the solid metal chloride added to 
the aqueous reaction mixture containing the 14-bromodaunomycin acid-addition salt produced is such 
that a part of the metal chloride as dissolved from the added solid metal chloride into said aqueous 
reaction mixture is sufficient to convert all the 14-bromodaunomycin present into the 14-chlorodauno- 
mycin and the remaining parts of the dissolved metal chloride are sufficient to cause the resultant 
14-chlorodaunomycin acid-addition salt to be precipitated from the reaction solution by the salting-out 
process. 

5. The process as claimed in Claim 2, wherein daunomycin of formula (II) or the acid addition salt thereof 
is reacted with the alkyl orthoformate of formula (III) and the brominating agent in the organic solvent 
solution to form the 14-bromo-13-dialkylketaldaunomycin of formula (IV) or the acid addition salt thereof, 
propylene oxide is added to the resulting reaction mixture containing the compound of formula (IV) so 
produced, so that the propylene oxide reacts with the by-product hydrogen bromide present in the 
reaction mixture to capture and eliminate the hydrogen bromide from the reaction mixture, and wherein 
the organic solvent is distilled off from the resultant reaction mixture to concentrate the reaction mixture, 
an organic solvent incapable of dissolving the compound of formula (IV) is added to the concentrated 
reaction mixture so that the compound of formula (IV) is caused to precipitate, the compound of the 
formula (IV) thus precipitated is recovered and then dissolved in a liquid mixture of an inert organic 
solvent with an aqueous solution of an acid, whereby the compound of formula (IV) is hydrolyzed with the 
aqueous acid in said liquid mixture to give an aqueous reaction solution containing 14-bromodaunomycin 
of formula (V) as formed, and wherein said aqueous reaction solution is washed with a water-immiscible 
organic solvent, and the organic solvent phase is removed from said reaction solution, followed by adding 
an excess amount of a solid alkali metal chloride or alkaline earth metal chloride, preferably, solid sodium 
chloride or potassium chloride in small portions to the remaining aqueous solution of the compound of 
formula (V) as obtained from the washing step, so that the alkali metal chloride or alkaline earth metal 
chloride, preferably, sodium chloride or potassium chloride is dissolved into the aqueous solution and 
then reacted with the compound of formula (V) so as to effect a halogen-interchange reaction, whereby 
the 14-bromo group of the compound of formula (V) is replaced by a 14-chloro group, and at the same 
time the salting-out and precipitation of the hydrochloride of the resulting 14-chlorodaunomycin of 
formula (I) are involved. 

6. A process for the preparation of (2"R)-4'-0-tetrahydropyranyladriamycin of formula (A) 
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oran acid addition sa,t thereof, which comprises reacting 14-ch.orodaunomycin 
O OH 



of formula (I) 




(I) 



s^ss te'XC VSrttsr i n the presence * « - ^ 

(S-RJ-U-ohloro^-O-tetrahydropyrr^ separating the resu.tant 
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group to form 



ranyldaunomycin of formS^TB^^lSot^l^ (2"S,-14-chloro-4'-0-tetr a hydropy- 
hydrolyzing the by-products thus-recovered ,1. [^-^y^^^omycin of formula (VIII), 
tetrahydropyranylating the 4'*vdmw a ^n^L ** condlt,ons to ^generate 14-chlorodaunomycin 
34-dihydro P 2H-p y yran 9 in the prSeSTan 1£3ZT !^ hlorodauno ^n by reaction with 
compound of formula (VI), an then ^Sonvertina thfil ^ ' ^ * , P u° dlJCe a Second cro P of me 
formula (VI) into a 14-hyd oxWorouo ZZ £ i °/° 9r ° Up ° f ,he Second cro P compound of 
driamycin of formula (A? * 9 SeC ° nd Cr ° P ° f the ^"RM'-O-tetrahydropyranyla- 

directly with an alkali metal hydroxide o? cStonate P ' hydrolyzin 9 the c ™?™« * formula (VI) 
9. The process as claimed in-Claim 6 or 7, wherein the reaction for converting the 14-ch.oro group of the 
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compound of formula (VI) into the 14-hydroxyl group comprises reacting the compound of formula (VI) 
with an alkali metal or alkaline earth metal salt of an organic carboxylic acid of formula (IX) 



5 O 

R'-C-OM " < IX ) 



10 wherein FT represents a hydrogen atom or an alky! or aralkyl group, preferably, a lower alkyl group, and M 

denotes an alkali metal or alkaline earth metal, preferably, an alkali metal or alkaline earth metal alkanoate, 
more preferably, lithium formate to give an ester compound of formula (X) 




wherein R' represents a hydrogen atom or an alkyl or araikyl group, preferably, a lower alkyl group, and 
hydrolyzing the ester compound of formula (X) under alkaline conditions to afford (2"R)-4'-0-tetrahydro- 
pyranyladhamycin of formula (A). 
10. (2"R)-14-chIoro-4'-0-tetrahydropyranyldaunomycin of formula (XI) 
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treating the latter under weakly alkaline conditions to 
give 14-chlorodaunomycin in its free base form. 
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pared from 14-chlorodaunomycin. 



Xerox Copy Centre 



J 



EuropSBnes Patentamt 
© ^lll European Patent Office 

Office europeen des brevets 



As a new compound is now provided 14- 
^chlorodaunomycin, which is useful as antitumor 
CD agent and also as intermediate product for use in the 
^■preparation of (2"R)-4'-0- 
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